Introduction
Heart rate variability (HRV) is a noninvasive tool used to assess autonomic modulation of cardiac activity and either temporal or spectral measures have been used to evaluate several parameters of cardiovascular health (1) . Changes of neural heart modulation occur in several systemic diseases, such as diabetes (2) (3) (4) (5) , hypertension (6) , heart failure (7, 8) , and coronary heart disease (9, 10) . In such situations, HRV analysis can be used to monitor long-term changes of cardiac regulation by the autonomic nervous system. Reduced HRV is a remarkable predictor of cardiac events including sudden death in subjects with coronary artery disease, myocardial infarction and heart failure (11, 12) .
However, the use of HRV to determine the neural autonomic balance directed at the heart is controversial because modulation of heart beats is strongly influenced by environmental conditions, mental stress, and body position (4) . Therefore, determination of HRV reproducibility is a key question in longitudinal studies or in clinical conditions, where the same data are recorded from a single individual at different times. Although several studies have found an adequate reproducibility of HRV both in the time and in the frequency domain analyses (13) (14) (15) (16) (17) (18) (19) (20) (21) (22) , others have not made this observation (22, 23) . However, reproducibility of the different components of spectral HRV obtained from short-term records is still under discussion (24, 25) .
Conflicting reports may be due to different conditions during signal recording or different analytical procedures. Thus, studies carried out on healthy individuals have shown good reproducibility of temporal parameters when www.bjournal.com.br Braz J Med Biol Res 43(10) 2010 records were obtained within short (<24 h) and long (>24 h) recording periods (18, 20, 21, 26) . However, even with long recordings, reproducibility has been questioned in relation to spectral parameters (22, (27) (28) (29) . In short-term recordings (5-10 min) reproducibility increases when breathing periodicity is externally controlled (18) . However, this maneuver may interfere with the high frequency component of HRV.
Previous studies on intra-indivudual reproducibility of HRV have been conducted with subjects in the classical supine position (17, 22, 26) . Since this exam sometimes is also carried out during postural maneuver (tilt-test for example), we compared the reproducibility of temporal and spectral HRV indexes of a group of healthy individuals in the supine and orthostatic positions using short-term recording periods under spontaneous breathing.
Material and Methods

Electrocardiogram acquisition
Thirty apparently healthy volunteers (14 men and 16 women, 20-49 years, mean age = 28 years) taking no medication participated in this study. The study was approved by the Ethics Committee of the Center of Health Sciences, UFES (No. 041/2006) and all subjects gave written informed consent to participate. Electrocardiogram (ECG) acquisition was carried out at a sampling ratio of 250 Hz with a digital electrocardiograph (Micromed, Brazil). Wincardio (4.4a) software was used to automatically generate the R-R interval series from a selected ECG lead (usually D2). Incorrect detections or ectopic beats were removed manually. The ECG was always obtained in the morning (8:00 to 12:00 h) after a 12-to 16-h fasting period with participants breathing spontaneously in a silent room with controlled temperature (21-24°C). The first 10-min record was obtained after a 5-min rest in the supine position. Then, the subject was asked to stand up to obtain another 11-to 12-min ECG recording in the orthostatic position. The first minute of the recording was discarded to avoid acute interference due to the postural maneuver. The same ECG recording protocol was repeated for each subject 2 h after the first measurement. No consumption of food, caffeine or cigarettes was allowed between the two recordings.
HRV analyses
HRV was measured in the time and frequency domains in the two positions. Time domain analyses included mean heart rate (HR), mean normal-to-normal (NN) interval duration (NNi), NN variance (NNv), standard deviation of all NN intervals (SDNN), the proportion derived by dividing the number of pairs of adjacent NN intervals differing by more than 50 ms in the entire recording (NN50) by the total number of all NN intervals (pNN50) and finally the square root of the mean of the sum of the squares of differences between adjacent NN intervals (RMSSD). NN intervals were considered to be valid between 0.6 and 1.6 s in the supine position and between 0.4 and 1.4 s in the orthostatic position. Data of one subject in the supine position and of two other subjects in the orthostatic position were excluded from analysis because more than 30% of R-R intervals were out of this range. Frequency domain HRV analyses included low frequency (LF, 0.04-0.15 Hz), and high frequency (HF, 0.15-0.4 Hz) bands (1) . Power spectral analysis was performed by the autoregressive method and model order was set at 16 (30) . Matlab-customized software developed in our laboratory was used for temporal and spectral analysis (available at ftp.ifes.edu.br/cursos/ engenhariaeletrica/rodrigo/pesquisa/vfc).
Statistical analysis
Data are reported as means ± SEM. Data normality was tested by the Shapiro-Wilk test and variance homogeneity by the Levene test. When a variable was not normally distributed the following transformations were tested: inverse, square root, logarithm (Ln), cubic and inverse of square root. Intrasubject agreement between the first and second measurement in the same position was assessed by linear regression analysis using Pearson's product moment correlation coefficient (r), Pitman's test of difference in variance, and Bland-Altman plot. In this last test, the difference between two measurements and the mean and standard deviation were calculated. If the values of the differences are normally distributed, it is expected that 95% of these values will be between the mean ± 2 standard deviations. This interval is called the "agreement limit". If this interval presents a wide range of variation, it is supposed that there is no concordance between the two measurements and the reproducibility hypothesis is rejected. A visual inspection of the graph shows data dispersion. If there is concordance between two measures, the different values scatter along the zero line. Comparisons of means between the supine and orthostatic positions were performed by the two-tailed unpaired Student t-test or by the Wilcoxon rank-sum test. Statistical significance was set at P < 0.05. Analysis was carried out with the STATA/SE 10.1 software.
Results
Time and frequency domain analysis
Mean values of the time and frequency domains of HRV parameters evaluated in the subjects are shown in Table 1 . In the supine position, the mean values of measures 1 and 2 were similar, except for HR and NNi. In the orthostatic position all variables were similar in the two acquisition periods. It is noteworthy that HRV parameters showed large differences when supine and orthostatic positions were compared. Parameters measured in the orthostatic position were almost the same during the first and second acquisition periods. Parallel to the HR increase in the orthostatic position, there were statistically significant reductions in all temporal parameters of HRV. A significant increase of the LF component was observed (49 ± 3.8 vs 79 ± 3.1 nu; P < 0.01, first period) as HF decreased in the same proportion (47 ± 3.9 vs 16 ± 2.2 nu; P < 0.01). As a consequence, a large increase in the LF/HF ratio (from 1.99 ± 0.69 to 13.33 ± 3.51; P < 0.01) was observed.
Linear regression analysis
Linear regression analysis was carried out on crude or transformed normalized variables. Table 2 shows significant linear associations between the first and the second acquisition periods in the two positions. All measures for time-and frequency-domain analysis presented a high degree of intra-individual reproducibility. Association degree assessed by the Pearson correlation coefficient was higher than 0.80 for 11 of 18 parameters.
Bland-Altman test and Pitman test of difference in variances
Bland-Altman plots revealed that almost all data were inside agreement limits, except for the SDNN and NNv variables in the supine position where three individuals were out of the agreement limits ( Figure 1 ). Figure 1 also shows plots of some measures in the time (SDNN) and frequency domains (LF, HF, and LF/HF) in the supine and the orthostatic positions. There was also agreement between the first and second measures for NNi, NNv, pNN50, and RMSSD (data not shown). Similar to the time domain parameters, the spectral values and the LF/HF ratio also showed good reproducibility according to Bland-Altman analysis. To further investigate intra-individual reproducibility, the equivalency of variances was tested in acquisition periods 1 and 2 and the Pitman test confirmed a significant difference (P = 0.022) in the variability between measurements 1 and 2 only for SDNN and NNv parameters in the supine position. For all other variables, no significant differences (P > 0.05) were demonstrable, indicating that the measurements were reproducible.
Discussion
There is a growing interest in the use of HRV to assess the sympathetic/parasympathetic control of heart beats. Since it is a noninvasive and inexpensive method, several recordings can be easily obtained as a function of time in the same individual to evaluate the efficacy of therapeutic interventions. Therefore, some studies have been specifically designed to evaluate the reproducibility of the measurements since autonomic balance is subjected to a large number of central and peripheral control systems, all of them potentially affecting HR control (17) (18) (19) (20) (21) (22) 25) . Some studies have shown good reproducibility in HRV analysis (17, 20, 21) , while others have reported the opposite (22, 27) . Studies on this subject have shown that reproducibility is Figure 1 . Bland-Altman plots of some heart rate variability parameters assessed in the supine (A) and orthostatic (B) positions. n.u. = normalized units; s1 and s2 = first and second measurements in supine position; o1 and o2 = first and second measurements in orthostatic position. For abbreviations, see legend to Table 1. generally high for long-time recordings (24-h Holter) and for the time-domain parameters obtained in short-time recordings (5-10 min). Intra-individual reproducibility of spectral parameters obtained in short-time recordings, however, is still scarce and its results heterogeneous (17) . Therefore, we investigated this parameter in two exams conducted on healthy volunteers under identical conditions during the same morning period. Additionally, we also tested reproducibility in the orthostatic position, a maneuver designed to enhance the sympathetic drive. In general, our data showed high reproducibility both in the time and frequency domain analysis, mainly when the ECG recording was obtained in the orthostatic position. Reproducibility of HRV measures depends on several factors, including local conditions (temperature, noise), mental stress, spontaneous or paced breathing, and time interval between measurement (17, 18, 25) . Therefore, recordings were obtained under rigorous conditions to reduce factors that might impair reproducibility. Intraindividual variability can occur due to the intrinsic instability of HRV parameters consequent to changes of mood, alertness, and mental activity. In clinical conditions these elements, indeed, are very difficult to control (7, 17) . Therefore, to reduce the influence of these factors, the ECG was obtained in a silent room, at a comfortable temperature and volunteers were stimulated to stay awake and mentally relaxed throughout the recording periods. Some discomfort may occur during orthostatic recording, mainly in cases where blood pressure cannot be maintained at adequate levels. In our study, however, the exam carried out on healthy subjects was well tolerated.
A notable influence of the postural change maneuver on HRV parameters was observed (Table 1) . When subjects changed from the supine to the orthostatic position there were modifications in all parameters in the time and frequency domains due to the increase of sympathetic activity and the decrease of parasympathetic activity. The first minute of the recording in the orthostatic position was removed from the analysis to minimize the acute interference imposed by the change in body position. Of note in the temporal domain analysis was the dramatic decrease of pNN50, which is closely related to the parasympathetic tone (18) . In spectral analysis, since LF and HF change in opposite directions in the postural maneuver, a large increase of the LF/HF ratio was observed, indicating a strong dominance of the sympathetic drive in heart beat control. As stated before, our data indicate better reproducibility indexes in the orthostatic position than in the supine position. In contrast to the supine position, even SDNN was reproducible when subjects were standing. Our results agree with previous findings obtained in healthy old women (31) , which also demonstrated better reliability of measurements obtained in the upright position. These data suggest that HRV measures in the supine position are more sensitive to variations of the sympathetic activity caused by external factors such as mood, stress, sleep, and anxiety. The increase of the sympathetic drive in the orthostatic position may reduce the influence of such external factors, improving intra-individual stability of HRV indexes. Therefore, our results supply new evidence for the use of the orthostatic position in data collection when the objective is to reduce external influences and to increase the reliability of HRV indexes in longitudinal studies. However, additional studies are necessary to determine if these findings are demonstrable in subjects with diseases that cause disturbances of the autonomic nervous system. Unlike other studies (22, 27) , our results indicate that intra-individual measurements can show good reproducibility, even for short-time recordings in the supine position if external factors that alter autonomic balance are well controlled. Thus, studies questioning reproducibility use different ECG recording sequences. For example, Lord et al. (22) evaluated reproducibility of measurements performed at different times of day: in the morning (between 8:00 and 9:00 h), in the early afternoon (between 12:00 and 13:00 h) and in the late afternoon (between 15:00 and 16:00 h). Moreover, the second recording was repeated 1 and 2 weeks after the first. The results suggested day-to-day differences and some significant differences were also found between measurements at different times of the same day. In another study (18) on healthy subjects, HRV was assessed three times. The first two measurements were separated by 2 weeks and the third evaluation was obtained 210 ± 25 days later. ECG signals were analyzed in the time domain using 24-h or 10-min recordings. Frequency domain analyses were carried out from short-period recordings. In time domain analyses, there were no differences in the values of the parameters obtained during three 24-h ECG monitoring periods. However, the reproducibility of the temporal parameters was low or fair when 10-min ECG recordings were used. In the frequency domain analyses, only total power and LF showed reproducibility. Finally, Højgaard et al. (27) evaluated reproducibility using a protocol consisting of 1 h of supine rest recordings in 14 healthy individuals on three different days for the assessment of day-to-day and short-term reproducibility. In that study, there was only moderate-to-poor reproducibility of the spectral parameters of HRV (coefficient of variation range 18-36%). Therefore, the poor reproducibility found in these studies seems to occur primarily due to the long time interval between measurements. According to our data, shorter time intervals are better to obtain agreement between measurements, and the ECG acquisition in the orthostatic position can improve reproducibility along time.
Finally, some issues need to be addressed. Although the HRV guidelines (1) recommend the use of 5-min records, because at least 1 min is needed to assess HF components and about 2 min to obtain the LF component, we used a longer recording of 10 min. The main reason for this choice is the fact that the data collected may contain www.bjournal.com.br Braz J Med Biol Res 43 (10) 2010 artifacts generating abnormal R-R intervals, which must be excluded before analysis. Thus, to ensure an acceptable recording of 5 min, a longer recording was required. Our study investigated the reproducibility of the HRV parameters in both the time and frequency domains, and short-term recordings (5-10 min) are more appropriate for frequency domain analyses. We have shown that there was a high level of reproducibility in time and frequency domain parameters of HRV, especially when the ECG was recorded in the orthostatic position. Compared with previous studies, our data indicate that a small time interval between two recordings seems to be the main factor influencing the reproducibility of HRV measurements even at free respiration. Considering that reproducibility was better when the ECG was recorded in the orthostatic position, the results of our study also suggest that this position should be used preferentially, instead of the supine position, in situations in which the same exam should be obtained at different times in the same individual. It is likely that the increased sympathetic activity occurring in the orthostatic position facilitates reproducibility of the main HRV indexes. However, as the autonomic modulation depends on body position, the use of the supine position is preferred when the objective is to assess the subject in situations with a predominance of vagal modulation of the heart beat, and the orthostatic position is preferred when the aim is to evaluate the subject in situations with a predominance of sympathetic activity.
